Larimer P, Spatazza J, Stryker MP, Alvarez-Buylla A, Hasenstaub AR. Development and long-term integration of MGE-lineage cortical interneurons in the heterochronic environment. J Neurophysiol 118: 131-139, 2017. First published March 29, 2017 doi: 10.1152/jn.00096.2017.-Interneuron precursors transplanted into visual cortex induce network plasticity during their heterochronic maturation. Such plasticity can have a significant impact on the function of the animal and is normally present only during a brief critical period in early postnatal development. Elucidating the synaptic and physiological properties of interneuron precursors as they mature is key to understanding how long-term circuit changes are induced by transplants. We studied the development of transplant-derived interneurons and compared it to endogenously developing interneurons (those that are born and develop in the same animal) at parallel developmental time points, using patch-clamp recordings in acute cortical slices. We found that transplant-derived interneurons develop into fast-spiking and non-fast-spiking neurons characteristic of the medial ganglionic eminence (MGE) lineage. Transplant-derived interneurons matured more rapidly than endogenously developing interneurons, as shown by more hyperpolarized membrane potentials, smaller input resistances, and narrower action potentials at a juvenile age. In addition, transplant-derived fast-spiking interneurons have more quickly saturating input-output relationships and lower maximal firing rates in adulthood, indicating a possible divergence in function. Transplant-derived interneurons both form inhibitory synapses onto host excitatory neurons and receive excitatory synapses from host pyramidal cells. Unitary connection properties are similar to those of host interneurons. These transplant-derived interneurons, however, were less densely functionally connected onto host pyramidal cells than were host interneurons and received fewer spontaneous excitatory inputs from host cells. These findings suggest that many physiological characteristics of interneurons are autonomously determined, while some factors impacting their circuit function may be influenced by the environment in which they develop.
We find that these interneurons develop typical fast-spiking and non-fast-spiking phenotypes by the end of adolescence. However, the input-output characteristics of transplant-derived neurons diverged from endogenously developing interneurons during adulthood, and they showed lower connection rates to local pyramidal cells at all time points. This suggests a unique and ongoing role of transplant-derived interneurons in host circuits, enabling interneuron transplant therapies.
medial ganglionic eminence; fast-spiking neuron; low-threshold-spiking neuron CORTICAL GABAERGIC INTERNEURONS support diverse circuit functions via their specific synaptic connectivity and firing properties (reviewed in Isaacson and Scanziani 2011) . These interneurons are derived from the medial ganglionic eminence (MGE) and the caudal ganglionic eminence in the embryonic ventral forebrain. MGE cells dissected from the embryo and transplanted into a postnatal host brain can migrate, differentiate, and functionally integrate in the host tissue. Importantly, heterochronic transplantation of MGE precursors into the visual cortex of a postnatal host induces a new critical period for ocular dominance plasticity (Davis et al. 2015; Larimer et al. 2016; Southwell et al. 2010; Tang et al. 2014 ). This second critical period occurs at the time when the grafted cells attain a cellular age similar to that of endogenously developing interneurons during a normal critical period, implying that induction of a new critical period may depend on developmental changes in the transplant-derived interneurons. Pharmacological (Hensch et al. 1998; Huang et al. 1999; Pizzorusso et al. 2002) and sensory (de Villers-Sidani et al. 2008; Morales et al. 2002) manipulation studies also implicate interneuron maturation in critical period timing. It is not known which aspects of maturation are conserved after transplantation into visual cortex, although this knowledge is essential for understanding how interneurons influence cortical plasticity. Studying the long-term synaptic and intrinsic physiological properties of transplant-derived interneurons provides unique insight into which properties of interneuron function are intrinsically determined vs. those influenced by the environment in which the interneurons mature and may be of practical importance in helping to understand the steps required for MGE transplantation to move forward as a clinical therapy.
Here we use single and paired whole cell recordings to assess the development of MGE-lineage interneurons after transplantation. We compare the synaptic and intrinsic physiological properties of maturing transplant-derived interneurons to those of endogenously developing neurons of the same lineage. We find that several of the intrinsic properties of transplant-derived interneurons mature faster and the fastspiking interneurons develop input-output relationships different from their endogenously developing counterparts, including reduced maximal firing rates and lower rheobases. In addition, these transplant-derived interneurons were less likely to synapse on nearby pyramidal cells and received fewer spontaneous excitatory inputs. Transplant-derived interneurons maintain their integration into host circuits into adulthood. These data suggest that ongoing synaptic involvement of transplant-derived interneurons in host circuits could contribute to the long-term changes in host circuit function that these transplants cause. In addition, this work provides direct evidence of differences in transplant-derived neurons well into adulthood that may reflect the unique role that these interneurons play as late arrivals to host cortical circuits.
MATERIALS AND METHODS
Progenitor cell transplantation. All protocols and procedures were reviewed and approved by the Institutional Animal Care and Use Committee of the University of California, San Francisco. Nkx2.1-Cre/;Ai14/ϩ embryos were harvested at embryonic day (E)13.5-14.5. The MGE was dissected and dissociated by repeated pipetting in Leibovitz's L-15 medium containing 100 IU/ml DNase I. Postnatal day (P)2-5 host pups were anesthetized via hypothermia, and centrifuge-concentrated cells (~250,000 cells/l) were injected into the left cortex with a beveled Drummond glass micropipette (Wichterle et al. 1999) . Two injections were made 0.8 -1.2 mm deep in the skin surface at 7 mm posterior, 3.5 mm lateral and 6.5 mm posterior, 3.2 mm lateral, as measured from the inner corner of the eye (for anterior zero) and the midpoint between the two eyes (for midline zero).
Slice electrophysiology. Animals were overdosed with pentobarbital and decapitated. The brain was removed into ice-cold dissection buffer containing (in mM) 234 sucrose, 2.5 KCl, 10 MgSO 4 , 1.25 NaH 2 PO 4 , 24 NaHCO 3 , 11 dextrose, and 0.5 CaCl 2 , bubbled with 95% O 2 -5% CO 2 to a pH of 7.4. Coronal slices of visual cortex (300 m thick) were cut via vibratome, transferred to artificial cerebrospinal fluid containing (in mM) 124 NaCl, 3 KCl, 2 MgSO 4 , 1.23 NaH 2 PO 4 , 26 NaHCO 3 , 10 dextrose, and 2 CaCl 2 (bubbled with 95% O 2 -5% CO 2 ), incubated at 33°C for 30 min, and then stored at room temperature. Neurons were visualized by IR-DIC video microscopy. Nkx2.1-lineage neurons were identified via their tdTomato fluorescence (Fig. 1Ab ). Whole cell current-clamp and voltage-clamp recordings were made with a Multiclamp 700B and internal solution that contained (in mM) 140 K-gluconate, 2 MgCl 2 , 10 HEPES, 0.2 EGTA, 4 MgATP, 0.3 NaGTP, and 10 phosphocreatine (pH 7.3). Series resistance was not compensated. Because transplant-derived interneurons integrate throughout all layers of cortex (Larimer et al. 2016) , the neurons we recorded were located in layers II-V but the recordings were not otherwise targeted toward any specific layer. Data were low-pass filtered at 10 kHz and digitized at 10 kHz by a 16-bit analog-to-digital converter (National Instruments). Data acquisition and analysis were done with custom software written in MATLAB. The estimated chloride equilibrium was Ϫ91 mV (not corrected for the liquid junction potential). Input resistance was monitored throughout recordings with small hyperpolarizing pulses, and recordings were discarded if input resistance changed by Ͼ30% or if the membrane potential became unstable.
Analyses and statistics. All analyses were undertaken with MATLAB, with the exception of Cochran-Mantel-Haenszel and Fisher tests, which were performed with R. We used multivariate ANOVA for comparisons of physiological parameters over time, with Benjamini-Hochberg correction across the numerous comparisons in each figure followed by Benjamini-Hochberg correction of post hoc two-sample Kolmogorov-Smirnov (KS) tests. For planned comparisons of unitary synaptic properties, we used uncorrected KS tests or two-way ANOVAs.
RESULTS
We investigated how the electrophysiological properties of interneurons of the MGE lineage develop in the heterochronic environment by performing whole cell current-clamp recordings at five developmental ages: juvenile [14 -15 days after transplantation (DAT), corresponding to P8 -9, the age when inhibitory postsynaptic currents reach their adult reversal potential; Ben-Ari et al. 1989 ], pre-critical period (CP) (21-23 DAT, corresponding to P15-17, before the ocular dominance critical period has opened), mid-CP (33-37 DAT, corresponding to P27-31, the middle of the ocular dominance critical period in young adulthood), post-CP (45-65 DAT, corresponding to P39 -59, after the critical period has fully closed), . Dashed line in P marks an interspike interval (ISI) ratio of 1 (i.e., perfectly nonadapting and nonaccelerating firing). To identify parameters that were significantly different between FS and non-FS cells, statistics were computed as follows: for each parameter, a 2-dimensional ANOVA (age and FS/non-FS) was performed, and the resulting set of 9 P values for FS/non-FS was adjusted for multiple comparisons with the Benjamini-Hochberg procedure. For each parameter (since all ANOVAs remained significant), for each of the 4 age groups at which FS and non-FS could be physiologically discriminated, a post hoc Kolmogorov-Smirnov test of FS vs. non-FS was performed. The resulting set of 36 post hoc P values was then multiple-comparisons corrected with the Benjamini-Hochberg procedure. Magnitude of adjusted P values: *P Ͻ 0.05, **P Ͻ 0.01, ***P Ͻ 0.001. Corrected P values: F: P Ͻ 0.001, P ϭ 0.12, P Ͻ 0.001, P ϭ 0.0053; G: P Ͻ 0.001, P ϭ 0.030, P Ͻ 0.001, P Ͻ 0.001; H: P Ͻ 0.001, P ϭ 0.44, P ϭand adult (100 -102 DAT, corresponding to P94 -96, well into adulthood; Fig. 1Aa ). Interneurons derived from the MGE primarily give rise to parvalbumin-expressing (PV) fast-spiking interneurons or somatostatin-expressing (SST) continuously adapting or low-threshold-spiking interneurons (Butt et al. 2005) . Consistent with this, we found that these interneuron precursors matured into clearly separable fast-spiking ( Fig.  1Ba ) and non-fast-spiking ( Fig. 1Bb) ** * ** *** *** * *** *** *** ** *** *** *** *** *** *** *** * *** *** * * * *** ** *** *** in a cortical environment in which the host neurons had already laminated, extended neurites, and begun to establish synapses. We segregated these neurons by their firing rate ( Fig. 1Bc ) in response to 500-ms current injections of twice rheobase (i.e., twice the minimal current necessary to elicit an action potential; black-outlined dots in Fig. 1Bc ). This metric consistently separated interneurons into characteristic "fast-spiking" and "non-fast-spiking" populations ( Fig. 1Bd ) at all ages after 15 DAT (Fig. 1D) . Passive membrane properties change substantially over the first 14 postnatal days (i.e., up to 20 DAT; Okaty et al. 2009; Pan et al. 2016) , and can significantly influence a neuron's spatial and temporal integration of inputs. We used smallamplitude depolarizing and hyperpolarizing current injections (Fig. 1E, left) to measure current-voltage relationships (Fig.  1E, right) , from which we extracted the input resistance (Fig.  1G ) near the resting membrane potential (Fig. 1F) . We used single-exponential fits to these responses to measure the membrane time constant for each neuron (Fig. 1H) . We found that, compared with transplant-derived non-fast-spiking interneurons, transplant-derived fast-spiking interneurons had more hyperpolarized resting membrane potentials (Fig. 1F) , lower input resistances (Fig. 1G) , and shorter time constants (Fig.  1H ). This is consistent with prior literature on the endogenous development of fast-spiking interneurons (Lazarus and Huang 2011; Okaty et al. 2009; Oswald and Reyes 2011) . This indicates that the numerous physiological parameters that are characteristic of these classes of interneurons either are not dependent on environmental cues or are dependent on environmental cues that persist over many weeks of postnatal development.
The function of interneurons in cortical circuits is also constrained by the properties of their action potentials (Fig. 1I) . We found that non-fast-spiking cells had more hyperpolarized action potential thresholds (Fig. 1J) , broader action potentials (Fig. 1K , width at half maximum), and smaller single-spike afterhyperpolarizations (Fig. 1L , from threshold to nadir), consistent with previously published reports (Halabisky et al. 2006; Pan et al. 2016) . Finally, we evaluated the input-output relationships of transplant-derived neurons across a range of stimulus amplitudes (Fig. 1M) . We found that, compared with transplant-derived non-fast-spiking interneurons, transplantderived fast-spiking interneurons had greater gain (Fig. 1N , measured from 100-to 400-pA current injections) and higher maximum firing rates (Fig. 1O) . They also were less accommodating, as measured by the ratio of the median interspike interval in the last 100 ms to the median interspike interval in the first 100 ms (in response to a depolarizing step that produced firing at half the maximum rate; Fig. 1P ). These physiological characteristics of fast-spiking neurons may underlie their ability to provide precisely timed inhibition across a broad range of inputs.
Some aspects of an interneuron's development are independent of environment (Butt et al. 2005; Southwell et al. 2012) , while others depend on local inputs (De Marco García et al. 2015; Kotak et al. 2005) . Interneuron precursor production in the MGE peaks 5-7 days before birth. By transplanting E14 interneuron precursors into P2-5 host cortex, we partly dissociate predetermined cell fate from the influence of the local environment on the developing interneurons. We compared the maturation of transplant-derived interneurons to endogenously developing MGE-lineage interneurons of approximately equivalent cellular age ( Fig. 2A) . At the earliest time point studied (P7, 14 DAT), transplant-derived interneurons had more hyperpolarized membrane potentials (Fig. 2B) , lower input resistances (Fig. 2C) , narrower action potentials (Fig. 2F) , larger rheobases (Fig. 2H ), higher gains (Fig. 2I) , and higher maximum firing rates (Fig. 2J ), all consistent with more rapid maturation of these properties in interneurons developing in the heterochronic environment. The fast-spiking subset of transplant-derived interneurons showed higher input resistances (Fig. 2C) , longer time constants (Fig. 2D) , more depolarized spike thresholds (Fig. 2E) , broader spike widths (Fig. 2F) , lower rheobases (Fig. 2H) , greater gains (Fig. 2I) , attenuated maximum firing rates (Fig. 2J) , and decreased dynamic range at more mature ages, suggesting that development in an already intact cortical circuit may alter neurons' intrinsic input-output relationships [dynamic range was defined as range over which spiking changes by at least 0.05 Hz/pA; post-CP: 1,230 Ϯ 450 vs. 650 Ϯ 240 (median Ϯ median absolute deviation) for endogenously developing vs. transplant-derived, P Ͻ 0.001; adult: 1,500 Ϯ 400 vs. 650 Ϯ 350, P Ͻ 10 Ϫ5 ]. Neural outputs are conveyed to other neurons via efferent synapses. Interneurons that develop from MGE transplanted perinatally into host cortex can form synapses with host pyramidal cells (Howard and Baraban 2016; Larimer et al. 2016; Southwell et al. 2010; ) . We used paired whole cell recordings to characterize synaptic outputs of transplant-derived neurons at different times after transplantation to determine whether these synapses persisted, and could thus have an ongoing contribution to visual circuit functioning, after the critical period for ocular dominance (Fig. 3A) . We chose time points during the critical period ("mid-CP," P24 -28, 33-37 DAT, Fig. 3 , B and C) and after the critical period has closed ("post-CP," P48 -54, 45-65 DAT, Fig. 3, D and E) . Synaptic outputs of transplant-derived neurons were similar in amplitude to those of native synapses [ Fig. 3F ; mid-CP: median ϭ Ϫ0.42, median absolute deviation ϭ 0.16 (endogenous) vs. Ϫ0.26 Ϯ 0.07 mV (transplant), P ϭ 0.38 by KS test; post-CP: Ϫ0.37 Ϯ 0.14 (endogenous) vs. Ϫ0.44 Ϯ 0.12 (transplant), P ϭ 0.99 by KS test; postsynaptic neuron held at Ϫ60 mV]. These amplitudes did not change appreciably at the different times studied for either transplanted or endogenous interneurons ( Fig. 3F ; P ϭ 0.97 for the age term of a 2-way ANOVA).
Short-term changes in the magnitude of postsynaptic responses can allow a circuit to dynamically scale its responses with changes in inputs to increase its dynamic range (reviewed in Abbott and Regehr 2004) . We therefore assessed short-term synaptic plasticity using a 50-ms presynaptic interspike interval. Inhibitory synaptic transmission tended to be mildly depressing, which also did not change significantly between the two ages studied [ Fig. 3G , input resistance (C), and spike width (F) were significantly lower for transplant-derived interneurons, compared with endogenously developing interneurons, at the earliest developmental time point, while rheobase (H), gain (I), and maximum firing rate (J) were significantly higher, suggesting more rapid maturation. Fast-spiking transplant-derived interneurons (dark red), compared with endogenous fast-spiking interneurons (blue), had lower rheobases (H) and maximum firing rates (J) at the adult time point, while time constant (D), spike threshold (E), and spike width (F) were higher. Fast-spiking neurons also had higher gains (I) and input resistance (C) throughout development. To identify parameters that were significantly different between transplanted and endogenous cells, statistics were computed as follows: for each parameter, separate 2-dimensional ANOVAs (age and endogenous/transplanted) were performed for the fast-spiking and non-fast-spiking populations. The resulting set of 18 P values for endogenous/transplanted was adjusted for multiple comparisons with the Benjamini-Hochberg procedure. For parameters for which the ANOVA remained significant, a post hoc Kolmogorov-Smirnov test of endogenous vs. transplanted was performed for each of the 4 ages at which FS and non-FS could be physiologically discriminated. A Kolmogorov-Smirnov test of endogenous vs. transplanted was also performed for the juvenile time point. The resulting set of 41 P values was then multiple-comparisons corrected with the Benjamini-Hochberg procedure. Adjusted P values are indicated above each age/parameter combination (green ϭ P Ͻ 0.05, darker green ϭ lower P value). "NA" indicates parameters for which post hoc tests were not performed because the initial ANOVA was not significant. Error bars represent SE.
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(transplant) ms post-CP, P ϭ 0.14 by KS test; measured from presynaptic spike peak to onset of postsynaptic response]. The measured connection probability of an interneuron onto a pyramidal cell whose somata were within 75 m was~50% lower for transplant-derived neurons (Fig. 3I , P ϭ 0.031 by 2-tailed Cochran-Mantel-Haenszel exact test), a ratio that was stable over time (43% lower mid-CP and 50% lower post-CP). Note that this may not reflect the anatomical prevalence of such connections, as connections that are weak or silent will not be physiologically detectable.
In addition to the synapses formed by transplant-derived interneurons onto host cells, we also evaluated the synapses of host cells onto transplant-derived interneurons, to compare their unitary properties to those of excitatory postsynaptic potentials (EPSPs) onto endogenously developing interneurons (Fig. 4, A-D) . We did not find significant differences in EPSP amplitude [ Fig. 4E; 1 . Similar to what we saw for the rate of inhibitory outputs, the probability of a host pyramidal cell synapsing onto an interneuron appeared lower for transplant-derived interneurons, though this did not reach statistical significance (P ϭ 0.23 by Cochran-Mantel-Haenszel exact test). As a further quantification of excitatory afferents onto transplant-derived interneurons, we measured spontaneous excitatory postsynaptic currents (EPSCs) onto interneurons in voltage clamp. We found that transplant-derived interneurons had more spontaneous EPSCs at the earliest time point and had lower frequencies of spontaneous EPSCs than endogenously developing interneurons at all time points thereafter ( Fig. 4I ; P ϭ 0.012 by multivariate ANOVA), consistent with the trend toward lower connectivity rates seen in paired recordings. Spontaneous excitatory inputs were of similar amplitude (Fig. 4J ) and rise time (Fig. 4K) .
DISCUSSION
Transplanting embryonic interneuron precursors into postnatal cortex allows us to assess which aspects of interneuron maturation may be influenced by environmental cues and which are robust after interneuronogenesis. Consistent with prior studies suggesting that physiological phenotype is determined largely by spatial origin in the MGE (Inan et al. 2012) , we found that transplant-derived neurons matured into typical fast-spiking or non-fast-spiking phenotypes with membrane potential, spike width, and spike height similar to endogenously developing interneurons. This is consistent with a recent study of the heterochronic development of the subset of the fast-spiking interneurons labeled in the G42 mouse line. That work (Howard and Baraban 2016) demonstrated that both cell-intrinsic (input resistance, rheobase) and circuit (spontaneous EPSC frequency and kinetics) properties were less mature for P14 endogenously developing interneurons than for equivalent 14 DAT (P9 equivalent) interneurons in the P15 environment but these differences were not present in adulthood. We confirm these results in fast-spiking interneurons and show them to also hold in non-fast-spiking interneurons. A recent study in the amygdala found that several intrinsic properties (resting membrane potential, input resistance, spike width, rheobase) of transplant-derived interneurons matured indistinguishably from endogenously developing interneurons of the same age up to 28 DAT, whereas the spike threshold appeared to mature more quickly to its hyperpolarized adult level. Those transplants were into adult animals, which may impact interneuron development differently from the younger (P2-5) environment used in our studies. In sum, these three studies and recent in vivo work (Figueroa Velez et al. 2017) on the development of transplant-derived interneurons indicate that the host environment does not impact the majority of physiological parameters of interneurons through juvenile ages. Unlike prior studies, at the earliest time To identify parameters that were significantly different between transplanted and endogenous cells, statistics were computed as follows: for each parameter, separate 2-dimensional ANOVAs (age and endogenous/transplanted) were performed for the fast-spiking and non-fast-spiking populations. The resulting set of 6 P values for endogenous/transplanted was adjusted for multiple comparisons with the Benjamini-Hochberg procedure. For parameters for which the ANOVA remained significant, a post hoc Kolmogorov-Smirnov test of endogenous vs. transplanted was performed for each of the 4 ages at which FS and non-FS could be physiologically discriminated. A Kolmogorov-Smirnov test of endogenous vs. transplanted was also performed for the juvenile time point. The resulting set of 11 P values was then multiple-comparisons corrected with the Benjamini-Hochberg procedure. The adjusted P values are indicated above each age/parameter combination (green ϭ P Ͻ 0.05, darker green ϭ lower P value). "NA" indicates parameters for which post hoc tests were not performed because the initial ANOVA was not significant. Error bars represent SE.
point we tested (P7, 14 DAT), transplant-derived interneurons had more hyperpolarized membrane potentials, lower input resistances, and shorter membrane time constants. These features are characteristic of more mature neurons (Howard and Baraban 2016; Okaty et al. 2009; Oswald and Reyes 2011; Pan et al. 2016) and may indicate that the earliest stage of MGE interneuron maturation can be accelerated by the postnatal cortical environment. Many of the possible therapeutic uses of MGE transplants (Southwell et al. 2014 ) would require long-term functional integration of transplant-derived interneurons. We therefore examined the circuit function of transplant-derived interneurons through development into adulthood. We found that at mature ages fast-spiking transplant-derived interneurons diverged from the endogenously developing lineage in the dynamic range of their transfer functions. At the adult time point (after P90), transplant-derived fast-spiking interneurons have smaller rheobase and maximum firing rate. Because transplantderived interneurons mature in a heterochronic environment, they are likely not exposed to developmentally appropriate levels of neurotrophic factors that are important for interneuron maturation (Cohen-Cory et al. 2010 ). This may partly underlie the altered spiking phenotype we observe in mature interneurons. However, these differences are also present in interneurons that develop in cortex with pharmacologically enhanced inhibition (Miller et al. 2011) , indicating that transplant-derived interneurons may continue to homeostatically adapt to an adult environment in which inhibition is enhanced, and this homeostatic plasticity may underlie their altered phenotype in adulthood (Kaneko and Stryker 2014; Southwell et al. 2012) .
We also found decreased connection probabilities from transplant-derived neurons and a lower rate of spontaneous excitatory inputs onto both fast-spiking and non-fast-spiking transplant-derived interneurons, as compared with endogenously developing interneurons, by P14 and at all ages thereafter. A variety of potential mechanisms could lead to the lower connection probabilities, including that transplant-derived GABAergic synapses may never be depolarizing given mature chloride gradients in their synaptic targets (Deidda et al. 2015) . These lower connection probabilities are in line with recent work reporting a 30% lower connection probability from transplant-derived fast-spiking interneurons onto host pyramidal cells in cortex (Howard and Baraban 2016) . These studies are not in disagreement with prior studies in cortex (Southwell et al. 2010 ) and amygdala ) that demonstrate significantly higher connectivity rates from younger transplantderived neurons relative to older host neurons, as we see a consistent trend of decreased connection rates in older, relative to younger, animals. Determining whether these decreases are related to technical challenges of patch-clamp recordings in older animals or whether they represent pruning of connections after the critical period would be better addressed by quantitative anatomical studies. Regardless, the presence of persistent synaptic outputs from transplant-derived interneurons demonstrates that transplant-derived interneurons could continue influencing cortical circuits into adulthood, supporting the use of interneuron transplants to treat diseases of chronic cortical dysfunction.
